Bulimia nervosa (BN) and obsessive-compulsive disorder (OCD) co-occur at greater rates than chance and may have shared mechanisms of dysfunction. One of these proposed mechanisms is a hyperresponsive aversive system as indicated by heightened startle response to aversive stimuli. The present study examined this hypothesis using two types of aversive stimuli: disorder specific (e.g., high-caloric food pictures for BN, contamination pictures for OCD) and non-disorder specific (e.g., knife). Temporal parameters of aversive responding were also examined by assessing startle response in anticipation of and following picture presentation. The sample consisted of 114 undergraduate females selected to have a broad range of BN and/or OCD symptomatology. OCD symptoms were associated with increased startle potentiation during the anticipation and presentation of contamination pictures, and BN symptoms were associated with increased startle potentiation during disorder-related contamination pictures (e.g., sink, toilet). BN symptoms were also associated with increased startle potentiation during and following the presentation of food pictures (though the former effect was only a trend). Additionally, the interaction of BN and OCD symptoms was associated with elevated startle responding during the presentation of contamination and threat stimuli. Overall, the present study provides evidence that BN and OCD symptoms are associated with heightened aversive responding to disorder-specific stimuli, and comorbid BN and OCD symptoms are associated with heightened aversive responding across disorder-specific and non-specific aversive stimuli.
Introduction
Bulimia nervosa (BN) and obsessive-compulsive disorder (OCD) co-occur at significantly greater rates than chance in both clinical and community samples (Angst et al., 2004; Hudson et al., 2007) and share many common phenotypic features (Godart, Flament, Perdereau, & Jeammet, 2002; Lilenfeld et al., 1998;  see Altman & Shankman, 2009 for review) . Longitudinal and family studies also suggest that BN and OCD may have shared mechanisms of dysfunction that partially account for their co-occurrence; however, the exact nature of these mechanisms has yet to be elucidated (Bellodi et al., 2001; Bulik, Sullivan, Fear, & Joyce, 1997; Kaye et al., 2004; Milos et al., 2002; Speranza et al., 2001 ; Thornton & Russell, 1997) . The present study examined whether one potential mechanism -heightened aversive system activation -may contribute to the heightened comorbidity between BN and OCD.
Aversive Motivational System and Startle Response
Lang's (1995) theory of emotional and motivational processes proposes that appetitive and aversive systems play a critical role in influencing behavior. Specifically, the appetitive system is activated when encountering pleasant/rewarding stimuli and promotes approach-oriented behaviors. In contrast, the aversive system is activated by unpleasant/threatening stimuli and is associated with avoidance or withdrawal behaviors. Psychopathological conditions can be characterized in terms of abnormal appetitive and/or aversive system activation. For example, OCD can be characterized by high aversive motivation (e.g., individuals with OCD may avoid germs). BN can also be characterized by high aversive motivation (e.g., rejection of food through purging), but unlike OCD, is also associated with high appetitive motivation (e.g., binges; Kaye & Oberndorfer, 2010) . In sum, heightened aversive system activation may be a shared mechanism of BN and OCD that contributes to their high co-occurrence. Lang (1995) also proposes that aversive system activation is associated with increased defensive responding, such as the startle response. Startle is an ideal tool for examining the specificity and/or commonality of aversive motivation in BN and OCD, because it potentiates when the individual is in an aversive state (i.e., fear-potentiated startle) and can thus be used to measure in-the-moment responses to stimuli. Startle is also advantageous over other measures of aversive motivation, such as self-report, because Running Head: BULIMIA NERVOSA AND OCD 4 it is less susceptible to retrospective recall biases and demand characteristics; and neuroimaging because of its cost-effectiveness. Interestingly, only a limited number of studies have examined startle in BN. For example, BN and control participants have been shown to have comparable startle response when presented with aversive pictures (e.g., pointed gun; Drobes et al., 2001; Freiderich et al., 2006; Mauler et al., 2006) .
Even fewer studies have examined fear-potentiated startle in OCD. Kumari, Kaviani, Raven, Gray, and Checkley (2001) found that, relative to controls, OCD was associated with elevated startle during positive, negative, and neutral film clips, suggesting that OCD may be associated with heightened overall (and not fear-potentiated) startle response.
Disorder-Specific Aversiveness
Although the few startle studies for BN and OCD do not support the theory that individuals with these conditions exhibit general heightened aversive system activation, Grillon and Baas (2003) argue that startle studies in psychopathology should use stimuli that are directly relevant to the disorder (or symptom) of interest. For example, relative to controls, individuals with a spider phobia have been shown to exhibit potentiated startle while being presented pictures of spiders, but not non-specific aversive pictures (e.g., threatening weapons; Hamm et al., 1997) . Similarly, McTeague and colleagues (2009) found that, compared to controls, individuals with social phobia demonstrated potentiated startle during disorder-specific scripts (e.g., public speaking failure and social confrontation) but not non-specific aversive scripts (e.g., physical attack by animal). However, in a similar study, panic disorder and post-traumatic stress disorder (PTSD) were not associated with potentiated startle during disorder-specific stimuli (Cuthbert et al., 2003) . Thus, in order to assess aversive system activation using startle it may be important to use disorder-specific stimuli for certain (but not other) disorders.
1
The few studies that have examined startle potentiation to disorder-specific stimuli in BN suggest that idiographic aversive stimuli elicit heightened startle response in BN individuals compared to controls.
For example, Drobes and colleagues (2001) examined startle during the presentation of food pictures in female undergraduates with analog BN (i.e., high on binge-purge subscale, low on restraint subscale) and controls. Results indicated that, relative to controls, BN participants had potentiated startle during food Running Head: BULIMIA NERVOSA AND OCD 5 pictures, consistent with food serving as an aversive stimulus. Analogous results were found in a similar study using patients with BN (Mauler, Hamm, Weike, & Tuschen-Caffier, 2006; although see Friederich et al., 2006 for conflicting results).
To the best of our knowledge, no study has examined startle response in OCD during disorderspecific pictures. However, studies have examined this question using other methodologies. In an fMRI investigation, Shapira and colleagues (2003) found that, relative to controls, OCD participants evidenced greater activation in the insula, basal ganglia, and parahippocampal regions while viewing contamination pictures, but there were no group differences during non-specific threat and neutral pictures. Similarly, Phillips and colleagues (2000) found that OCD participants with washing compulsions showed differential activation in the insula and visual regions during washing-relevant pictures compared to individuals with checking compulsions and controls. Overall, these results lend support to a disorder-specific, and potentially symptom-specific, aversive response to clinically-relevant stimuli in OCD.
Models of Comorbidity
Although a limited number of studies have examined the startle response in BN and OCD in separate reports, no startle study has examined these two disorders simultaneously. There are several advantages of examining startle responsivity in a single report. First, examining two psychopathologies that co-occur significantly in the same study would allow a test of whether a putative mechanism is unique to a disorder (relative to the other) or common to them both. Second, such a study could help identify a mechanism (or mechanisms) for the co-occurrence of the two disorders.
For example, comorbid BN/OCD may be an extreme form (i.e., multiform) of BN. If this was the case, then individuals with BN/OCD would exhibit heightened startle response to BN-specific stimuli but not OCD-specific stimuli. Alternatively, a threshold model would suggest that individuals with both the pure disorder (A) and comorbid disorders (AB) develop their condition when they cross the threshold for risk for pure disorder A, but those with both AB cross a second threshold (on the same or perhaps a different dimension). This model might predict that BN and OCD would be associated with heightened startle to disorder-specific stimuli, but comorbid participants would also exhibit heightened startle to non-specific (and Running Head: BULIMIA NERVOSA AND OCD 6 potentially other) aversive stimuli (for other models of comorbidity, see Klein & Riso, 1993; Neale & Kendler, 1995) .
Present Study
In a sample of college-aged females, the present study examined whether BN and/or OCD symptoms were associated with heightened startle response to disorder-specific and/or non-specific aversive stimuli and whether co-occurrence of the symptoms leads to a similar or different response. Given the heterogeneity of OCD (Leckman et al., 2010) , we focused on contamination fears as these symptoms have been shown to be the most related to eating pathology (Hasler et al. 2005; Matsunaga et al., 1999 ).
The present study had three primary aims. First, we examined whether elevated BN symptoms were associated with heightened startle response during BN-specific (i.e., food pictures) and not OCD-specific (i.e., contamination pictures) or non-specific (i.e., threat pictures) aversive stimuli. Second, we examined whether elevated OCD symptoms were associated with heightened startle response during OCD-specific and not BN-specific or non-specific aversive stimuli. Third, we examined whether BN and OCD symptoms interacted to predict startle response to the aversive stimuli. As startle studies have not examined whether those with comorbid BN and OCD exhibit different aversive responses than those with one disorder alone, we did not have a specific hypothesis for the pattern of these interactions.
An additional aim of this study was to explore whether BN and/or OCD symptoms predicted the time course of emotional responding. Studies examining group differences in the time course rather than just the immediate (or average) emotional reaction are critical (Nelson, Shankman, Klein, & Olino, 2011) . For example, group differences in the anticipation of and recovery from aversive stimuli may elucidate critical emotional regulatory processes in individuals with psychopathology (Larson, Nitschke, & Davidson, 2007; Nitschke et al., 2002) . The temporal dynamics (i.e., "affective chronometry", Davidson, 1998) of responding may be particularly important for individuals with BN and/or OCD. For example, the aversiveness induced by food and contamination may linger even after the stimuli are no longer present due to difficulty terminating certain thoughts or actions (Svaldi, Griepenstroh, Tuschen-Caffier, & Ehring, 2012; Szechtman & Woody, 2005) . Thus, the present study also examined startle during the period before the pictures are Running Head: BULIMIA NERVOSA AND OCD 7 presented (i.e., while participants anticipated the stimulus) and after picture presentation (i.e., while participants recovered from the stimulus).
Methods

Participants
Female undergraduates (N = 125) were recruited from an introduction to psychology course at the University of Illinois at Chicago. Only female participants were recruited as individuals with BN and OCD are approximately three and two times more likely to be female, respectively (Hudson et al., 2007; Ruscio, Stein, Chiu & Kessler, 2010; Torres et al., 2006) . Participants were invited into the study from a larger pool of ~900 students based on their scores on the Bulimia subscale of the Eating Disorder Inventory-3 (EDI-3; Garner, 2004) and the Contamination Fears subscale of the Schedule of Compulsions, Obsessions, and Pathological Impulses (SCOPI; Watson & Wu, 2005 ) (see below for descriptions of these scales). Bingepurge behaviors and contamination fears are low frequency behaviors in the general population (i.e., the behaviors are positively skewed in the general population, Hudson et al., 2007; Ruscio et al., 2010) . Therefore, we oversampled those who scored high on the EDI-3 Bulimia and the SCOPI Contamination Fears subscales in order for bulimic behaviors and contamination fears to be normally distributed. This was achieved by first inviting those who were high and low on the EDI-3 Bulimia and SCOPI Contamination Fears subscales, and then monitoring the distribution of the sample on these variables during recruitment and targeting specific percentiles to complete the distribution. This approach was effective as both variables in the final sample were normally distributed as evidenced by 1) no skewness or kurtosis values exceeding an absolute value of one and 2) examination of histograms. Scores on the EDI-3 Bulimia and SCOPI Contamination Fears subscales were stable between initial assessment and laboratory visit (r = .82 and r = .62, respectively). The percentages of the final sample who were from the 1st, 2nd, 3rd, and 4th quartile of the ~900 screened participants were 19.3%, 24.6%, 6.1%, and 50.0% for the EDI-3 and 39.5%, 10.5%, 12.3%, and 37.7% for the SCOPI. Scores on the EDI-3 Bulimia and SCOPI Contamination Fears subscales were not correlated with each other within the larger subject pool population, r = -.02, ns, or the sample used in the present study, r = -.13, ns. reported the number of hours since they last ate (i.e., 0-1, 2-4, 4-6, 6-12, or 12+ hours ago). As food deprivation has been shown to influence startle response (see Drobes et al., 2001; Mauler et al., 2006) this variable (Deprivation Time) was used as a covariate in the analyses. Of note is that participants were asked to have a meal 2-3 hours before the experiment. Participants were also instructed to avoid eating, smoking or drinking caffeinated beverages in the hour before the experiment.
Eating Disorder Inventory-3 (EDI-3).
The EDI-3 (Garner, 2004 ) is a 91-item self-report measure which assesses the presence of eating disorder symptoms. All items on the EDI-3 are rated on a 6-point scale ranging from 1 (Never) to 6 (Always). Given the nature of the sample, in order to increase the sensitivity of detecting bulimic symptoms, the present study used the nonclinical scoring method (which adds up the responses to each item) rather than the clinical scoring method (which codes the three least pathological responses as zero). The EDI-3 is organized into 12 primary subscales, and research has demonstrated that the subscales have satisfactory internal consistency and good discriminant validity (Clausen, Rosenvinge, Friborg, & Rokkedal, 2011). As mentioned above, the present study focused on the EDI-3 Bulimia.
Cronbach's alpha was 0.88 for the EDI-Bulimia subscale.
The Schedule of Compulsions, Obsessions, and Pathological Impulses (SCOPI). The SCOPI (Watson & Wu, 2005 ) is a 47-item factor-analytically derived self-report measure which assesses behaviors related to OCD. All items are rated on a 5-point scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). In addition to providing a total score, the SCOPI yields subscales of particular OCD symptomatology. As previously mentioned, given the heterogeneity in OCD (Leckman et al., 2010) , the present study focused on the SCOPI Contamination Fears subscale. All of the SCOPI subscales have been shown to have high test-retest reliability, good convergent validity with other OCD measures (e.g., OCI-R and Y-BOCS) and adequate discriminant validity in samples of students, adults, and general psychiatric outpatients (Watson & Wu, 2005 ). Cronbach's alpha was 0.89 for the Contamination Fears subscale.
Procedure
Following electrode placement, participants were seated in an electrically shielded, sound-attenuated booth approximately 3.5-ft from a 19-in computer monitor presented at a 15° viewing angle. To prevent early exaggerated startle responding, participants completed a 2.5-min baseline habituation task in which 9 acoustic startle probes were administered while a black fixation cross was presented against a white background (data not presented). Immediately following the baseline habitation task, participants were given instructions on the picture-viewing task (presented below).
Stimuli were regulated by Contact Precision Instruments (London, UK) and startle data were recorded using a PC-based acquisition system (Neuroscan 4.3). Startle response was operationalized as the eye blink response elicited by 50-ms, 103db bursts of white noise presented binaurally through headphones.
The startle eye blink was recorded using two electrodes placed over the obicularis oculi muscle underneath the right eye and collected using a low pass filter of 500 Hz at a sampling-rate of 1000 Hz. A ground electrode was placed along the midline of the forehead.
Picture-Viewing Task. Forty pictures were selected from the International Affective Picture System (IAPS; Lang, Bradley & Cuthbert, 2008) . These pictures included ten pictures each of high caloric food (e.g., candy, ice cream; see Drobes et al., 2001) , contamination pictures (e.g., dirty toilet, dirty sink; garbage; see Shapira et al. 2003) , aversive personal threat (e.g., animal attack, pointed gun), and neutral content (e.g., lamp) based on normative valence and arousal ratings for women (Lang et al., 2008) . 2 In a quasi-random order, pictures were presented in two blocks of 20 pictures, with each block containing five pictures of each of the four picture types. Each block was separated by approximately 5-min. No more than two pictures of a given valence were presented consecutively. Immediately before each picture, participants were presented with text for 4-s which indicated the category of the coming picture (ANTIC phase). Participants were told that the text was to prepare them for the category of the upcoming stimulus picture ("FOOD" for food pictures; "DIRTY" for contamination pictures; "THREAT" for aversive personal threat pictures;
"NEUTRAL" for neutral pictures). Each picture was then presented on the screen for 5-s (PIC phase), followed by a plus sign for 12-18-s (POST-PIC phase; mean interstimulus interval was 15-s).
A total of 84 acoustic startle probes were delivered during the course of the experiment. Probes were presented during 7 trials of each of the four conditions (Food, Contamination, Threat, and Neutral) and three phases of the task (ANTIC, PIC, and POST-PIC) during the following probe times: ANTIC (1 to 2-s before the picture onset), PIC (2 to 4-s post-picture onset) and POST-PIC (between 1.5 and 6-s after picture offset).
The 84 acoustic startle probes were equally distributed across conditions and phases (i.e., probes occurred in each combination of picture condition and task phase).
Following the second block, electrodes were removed and participants went into a separate room where they were shown the 40 pictures again and asked to rate each picture on arousal and valence using the 9-point manikin scale (Lang et al., 2008) . Picture ratings were obtained to examine whether BN and/or OCD symptoms were uniquely associated with startle response or were more broadly associated with another aversive response 'channel' (i.e., self-report). Finally, after finishing the picture ratings participants completed the EDI-3 and SCOPI measurements.
Data Reduction. Startle blinks were scored according to published guidelines (Blumenthal et al., 2005) . Data were first rectified and then smoothed using a FIR filter with a band pass of 28-40 Hz. Blink response was defined as the peak amplitude of EMG activity within the 20-150-ms period following startle probe onset relative to baseline (average baseline EMG level for the 50-ms preceding the startle probe onset).
Each peak was identified by software but examined by hand to ensure acceptability (e.g., not a double blink).
Blinks were scored as non-responses if EMG activity during the 20-150-ms post-stimulus timeframe did not produce a blink peak that was visually differentiated from baseline activity. Blinks were scored as missing if the baseline period was contaminated with noise, movement artifact, or if a spontaneous or voluntary blink began before minimal onset latency and thus interfered with the startle probe-elicited blink response. Startle data were skewed and kurtotic and were therefore square root transformed to achieve a normal distribution.
Of the 125 participants, 8 were excluded from analyses because they elicited fewer than 3 of 7 blinks within a condition (remaining N = 117). Due to technical error, 107 participants only received 83 startle probes instead of 84. All analyses were run with these 107 participants only and revealed the same pattern of results as the entire sample; therefore results from the 117 participants are reported below. For the final Running Head: BULIMIA NERVOSA AND OCD 11 sample, a total of 9.87% of trials were omitted due to unscorability (an average of 7.27 per participant, SD = 7.66).
Data Analyses
First, we examined whether EDI-3 Bulimia and SCOPI Contamination Fears subscales were associated with startle during the neutral pictures. Nether subscale was significantly correlated with startle during the neural pictures (all p's > .10) ; therefore, we calculated difference scores between the aversive (e.g., Food, Contamination, and Threat) and neutral conditions (i.e., fear-potentiated startle).
Second, hierarchical multiple regression analyses were used to evaluate the association between BN and/or OCD symptoms (independent variables) and startle potentiation (dependent variable). Hierarchical regressions were employed with Deprivation Time entered in Step 1, main effects of Bulimia and
Contamination Fears entered in
Step 2, and the interaction of Bulimia X Contamination Fears entered in Step 3. Continuous independent variables were centered to reduce non-essential multicollinearity (Aiken & West, 1991) . To follow up significant interactions, simple slopes analyses were conducted by recoding one of the independent variables into two separate conditional independent variables 1 SD above (i.e., 'high') and below (i.e., 'low') the mean (Aiken & West, 1991; Holmbeck, 2002) . This analytic approach does not arbitrarily dichotomize a continuous variable, but rather creates separate 'high' and 'low' levels of the independent variable where '0' represents 1 SD above and below the mean on the independent variable, respectively. Thus, 'high' and 'low' do not represent groups but relative levels on the independent variable.
For the secondary analyses involving ANTIC and POST-PIC phases, data analyses were similar to the PIC phase analyses, except that the dependent variables were startle potentiation in anticipation of the picture stimuli and following the picture stimuli, respectively.
Finally, similar analyses were conducted for the self-report picture ratings of valence and arousal.
That is, hierarchical regressions were employed with Deprivation Time entered in Step 1, main effects of Bulimia and Contamination Fears (both centered) entered in Step 2, and the interaction of Bulimia X Contamination Fears entered in Step 3. However, alcohol use in the last 30 days was inversely associated with startle potentiation during several conditions. Further examination of these results revealed that there were three participants who reported drinking alcohol on 20-39 occasions over the last 30 days and were outliers driving these correlations. When these three participants were excluded from analyses, alcohol use in the last 30 days was no longer associated with startle. Thus, these three participants were excluded (final N = 114).
Results
Descriptive Statistics and Clinical Characteristics
Descriptive statistics and clinical characteristics are presented in Table 1 . Participants were approximately 20 years-old, ethnically heterogeneous, and on average, had BMIs in the normal range.
Participants varied in the amount of time elapsed since they last ate: 0-1 (17.5%), 2-4 (50.0%), 4-6 (13.2%), 6-12 (13.2%) and 12+ hours ago (6.1%). Although participants were all undergraduates, the sampling 
ANTIC Phase
For food pictures, there were no significant effects on startle potentiation during the ANTIC phase.
For contamination pictures, both greater Bulimia,  = .19, t (113) = 2.04, p < .05, and Contamination Fears symptoms,  = .25, t (113) = 2.64, p < .01, were associated with increased startle potentiation. The Bulimia X Contamination Fears interaction was not significant for contamination pictures during the ANTIC phase.
As with the PIC phase analyses, the contamination pictures were divided into BN-related and non-BN contamination pictures. For non-BN contamination pictures, our hypotheses were partially supported as greater Contamination Fears were associated with increased startle potentiation at a trend level ( = .16, t
[113] = 1.72, p < .09) although Bulimia symptoms were not,  = .08, t (113) = 0.87, ns. For BN-related contamination pictures, there were no significant effects. Lastly, for general threat pictures, there were no significant effects on startle potentiation during the ANTIC phase.
POST-PIC Phase
Higher Bulimia symptoms were associated with increased startle potentiation during the POST-PIC 
Association between Symptoms and Picture Ratings
Food Pictures. Our hypothesis was partially supported, as greater Bulimia symptoms were associated with more negative valence ratings at a trend level,  = .17, t (113) = 1.82, p < .08. There were no effects for arousal ratings.
Contamination Pictures. Greater Contamination Fears were associated with more negative valence ratings,  = .30, t (113) = 3.26, p < .01, and greater arousal ratings,  = -.26, t (113) = -2.82, p < .01).
Bulimia symptoms and the interaction of Bulimia X Contamination Fears were not associated with valence or arousal ratings of the contamination pictures.
Threat Pictures. Greater Contamination Fears were also associated with more negative valence ratings,  = 0.27, t (113) = 2.87, p < .01, and greater arousal ratings,  = -.20, t (113) = -2.09, p < .05.
Bulimia symptoms and the interaction of Bulimia X Contamination Fears were not associated with valence or arousal ratings of the threat pictures.
Discussion
The present study examined the association between BN and/or OCD symptoms and startle response to disorder-specific and non-specific aversive stimuli in a sample of college-aged females. To the best of our knowledge, this is the first investigation of the independent and interactive effects of BN and OCD symptoms on aversive responding. There were several noteworthy findings.
Disorder-Specific Aversiveness
BN and Food Pictures: Aversive System, Reward System, or Both? In partial support of our hypotheses, BN symptoms were associated with increased startle potentiation and negative valence ratings of high-caloric food pictures. Previous research has reported increased startle potentiation during the presentation of similar food pictures in individuals with binge-purge behaviors and in a clinical sample of BN patients (Drobes et al., 2001; Mauler et al., 2006) . Conversely, in control participants, startle response has been shown to be attenuated during food pictures, suggesting appetitive system activation in those without eating pathology (Drobes et al, 2004; Mauler et al., 2006) . Results from the present study provide partial support for the notion that food elicits aversive system activation in BN, although this conclusion is tempered by the fact that this effect only approached significance.
On the other hand, if high-caloric foods are aversive for those with BN symptoms, it is interesting that such stimuli would trigger an appetitive drive to consume large quantities (i.e., binging). As previously mentioned, BN is a unique disorder characterized by both high appetitive (e.g., binges) and aversive motivation (e.g., purges). BN may therefore be more associated with an ambivalent (rather than purely aversive) relationship with food (particularly high-caloric food; Harrison, Treasure, & Smillie, 2011; Roefs et al., 2005) . Moreover, this ambivalence may be particularly evident for those in the present college-aged female sample rather than a clinical sample (although the mean EDI-3 score of the present sample was comparable to that of eating disorder patients [Clausen et al., 2011] and BN scores were associated with clinically significant behaviors such as binge eating). It is important to note, however, that these ideas are highly speculative as the present study did not include a measure of appetitive system activation. Thus, while the present study partially supports an association between BN symptoms and aversive system activation, it is also possible that in BN food is associated with variation in appetitive and aversive system activationboth within and across individuals (Smyth et al., 2007) . This is an important future direction for work on motivational mechanisms in BN.
Contamination pictures and OCD.
To the best of our knowledge, this is the first study to examine startle response to contamination pictures in those with OCD symptoms. The present study found that OCD contamination fears were associated with increased startle potentiation, negative valence ratings, and arousal ratings of contamination pictures. These findings provide strong evidence that in individuals with OCD symptoms, the aversive system becomes activated during the presentation of contamination pictures. These results also support neuroimaging studies which have shown increased activation in fear and disgust-related areas of the brain (e.g., amygdala, insula) to disorder-specific pictures in individuals with OCD symptoms (Cisler et al., 2009 ).
Interestingly, BN symptoms were also associated with increased startle response to contamination pictures, but only those containing dirty sinks and toilets and not pictures containing garbage and general contamination stimuli. Pictures of sinks and toilets may have triggered memories or feelings related to binge and purge behaviors (e.g., food preparation and vomiting, respectively), and in individuals with elevated BN Running Head: BULIMIA NERVOSA AND OCD 17 symptoms, increased startle potentiation. One may speculate that this suggests that BN is associated with increased aversive system activation to a number of different disorder-specific stimuli, including those related to both binge and purge behaviors.
There are several theoretical implications of the disorder-specific results for BN and OCD.
Phenotypic and genetic studies examining the hierarchical structure of psychopathology have often identified two separable (albeit correlated) factors of externalizing and internalizing psychopathology, with internalizing psychopathology further dividing into fear (e.g., panic disorder, phobias) and distress/misery factors (Kendler et al., 2003; Krueger, 1999; Watson, 2005) . Interestingly, startle studies have generally
shown that fear-related disorders are associated with elevated startle potentiation to aversive scenes while distress/misery disorders are associated with normal or perhaps diminished startle potentiation to aversive scenes (Cuthbert et al., 2003; McTeague et al., 2009; see Vaidyanathan, Patrick, & Cuthbert, 2009 for review) . Thus, the present results for disorder-specific pictures may suggest that BN and OCD are more like fear-related disorders than distress/misery disorders. This is notable as studies on the hierarchical structure of psychopathology have often not included OCD and eating disorders in their analyses due to their relatively low base rates (although see Forbush & Watson, 2013) . Of course, future studies are needed to examine the relation between these conditions and other internalizing (and externalizing) psychopathologies further.
The disorder-specific results for OCD and BN may also relate to Barlow's triple-vulnerability theory for emotional disorders (Barlow, 2002; Suarez, Bennet, Goldstein, and Barlow, 2009 ). This model proposes three "diatheses" of emotional disorders: 1) a generalized biological propensity to experience clinically significant negative mood; 2) a psychological vulnerability emerging in childhood through dysfunctional parenting or ineffective coping from an unexpected stressful event; and 3) a specific psychological vulnerability which develops out from maladaptive learning (either through direct experience or through social learning processes) that certain stimuli are threatening, even though they are objectively not. In relation to the present study, it may be that through early experiences individuals with increased BN symptoms learned that high-caloric food was aversive while individuals with OCD symptoms learned that contaminating was aversive. Additionally, these stimuli may have triggered a 'generalized biological propensity' thus activating their respective aversive systems.
Non-Specific Aversiveness and Comorbidity
Contamination fears (but not BN symptoms) were associated with increased startle potentiation during non-specific threat pictures. As previously mentioned, Kumari and colleagues (2001) found that, relative to controls, OCD was associated with elevated startle across positive, negative, and neutral film clips. The present study partially replicates this finding in that contamination fears were associated with multiple aversive stimuli (contamination and general threat). However, results diverge from Kumari et al. in that OCD was not associated with startle potentiation to all classes of pictures (i.e., not food pictures). Thus, the present study suggests that OCD may not be associated with a general heightened startle potentiation, but only startle potentiation to particular types of stimuli (and perhaps only aversive stimuli).
Interestingly, the interaction of BN symptoms and OCD contamination fears was also associated with startle responding during general aversive pictures. Specifically, participants with elevated BN symptoms and contamination fears exhibited heightened startle responding to contamination and nonspecific threat pictures. This suggests that those who have both BN symptoms and contamination fears exhibit a heightened sensitivity to OCD-specific and non-specific aversiveness compared to those who only have BN or OCD. That is, compared to those who only have symptoms in one domain, those with both BN and OCD symptomatology may have heightened aversive system activation to multiple types of stimuli.
In a prior review, Altman and Shankman (2009) examined whether the literature on eating disorders and OCD comorbidity fit with extant models of comorbidity (Klein & Riso, 1993; Neale & Kendler, 1995) .
Although there were methodological limitations to the studies included in this review, the literature largely supported the model that the co-occurrence between eating disorders and OCD may be due to a common underlying liability or risk mechanism. However, if response to disorder-specific aversiveness are liabilities specific to the respective disorders (BN and OCD), the present results portray a somewhat different (or at least nuanced) picture. As those with co-occurring BN/OCD symptoms showed a liability to contamination and threat, but not food pictures the comorbid condition may be an atypical form (or multiform) of OCD, despite having phenomenological features of BN (see Sallet et al., 2010) .
Results from the present study are also consistent with a threshold explanation for the high rates of comorbidity between BN and OCD (Neale & Kendler, 1995) . The thresholds model posits that individuals with both the pure disorder (OCD) and comorbid disorders (BN/OCD) develop their condition when they cross the threshold for liability for pure disorder OCD, but those with both BN/OCD cross a second threshold (on the same or perhaps different dimension). Although speculative, it is possible that response to the disorder-specific threat pictures represents the first threshold and response to the non-specific threat pictures represents a second threshold. In other words, those with co-occurring BN and OCD symptoms could be a more extreme/atypical form of OCD, in that they crossed the first threshold (i.e., heightened response to contamination pictures) and the second threshold (i.e., non-specific threat). There are of course many caveats for this hypothesis and thus different designs (e.g., twin studies, longitudinal studies) are needed in order to examine this further.
Anticipation and Recovery Phases
Most psychopathological studies on emotional reactivity examine response during the presentation of stimuli and not other temporal components of responding. As an exploratory aim, the present study also examined whether BN and OCD symptomatology were associated with anticipatory and recovery phases of stimulus presentation. Interestingly, contamination fears were associated with increased startle potentiation while anticipating contamination pictures. Thus, in individuals with elevated contamination fears symptoms, there may be increased aversive system activation while anticipating disorder-specific contamination pictures.
BN symptoms were associated with increased startle potentiation during the recovery period following the presentation of food pictures. This result may reflect difficulty regulating negative affect following food presentation. The dual pathway model of bulimia suggests that binging and purging are done in an effort to regulate negative affect (Stice, 1994 
Limitations
The present study had several notable limitations that warrant consideration. First, though our sample included individuals with clinically significant bulimia symptoms and elevated contamination fears, results may not generalize to those with DSM-defined BN or OCD or to treatment seeking samples. Additionally, the use of a non-clinical sample was likely a reason for our non-significant correlation between BN and OCD symptoms as clinical samples have consistently reported high rates of comorbidity between the two disorders (Altman & Shankman, 2009; Swinbourne & Touyz, 2007) . Relatedly, compared to clinic or treatmentseeking samples, the present sample was likely less impaired and had fewer comorbid problems such as
Major Depressive Disorder (Braun, Sunday, & Halmi, 1994) , a classic phenomenon known as Berkson's bias (Berkson, 1946) . Thus, while the present design allowed for an examination of "purer" (albeit likely milder)
forms of the disorders, it is critical that future studies test the present hypotheses with clinic or treatment seeking samples.
Second, the sample was exclusively comprised of college-aged females; thus results cannot be generalized to men and samples with wider age ranges. Although men with eating disorders are more concerned with muscularity than thinness, studies have shown that men experience negative affect prior to binges (Womble et al., 2001 ). Third, we did not distinguish fear/anxiety from disgust, a distinction that has received growing interest in the OCD literature (particularly contamination-related OCD; see Cisler et al., 2009 ). Future studies should specifically include measures that distinguish these two emotions (e.g., EMG activity in the levator labii superioris; Yartz and Hawk, 2002) in order to understand the specific contributions that these two emotions play in disorder-specific aversiveness sensitivity. Fourth, even though individuals were selected based on their BN and OCD symptomatology, the mechanisms examined in this study may not be specific to those two psychopathologies (e.g., aversive system activation to high caloric foods may be involved to all eating disorders).
Conclusions
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In summary, the results of the current study provide support for the role of disorder-specific aversive sensitivity in individuals experiencing BN symptoms and OCD contamination fears. Higher BN symptoms were associated with increased startle potentiation during and after the presentation of food pictures (though the former effect was only a trend). Higher contamination concerns were associated with increased startle potentiation in anticipation of and during presentation of contamination pictures, and BN symptoms were associated with increased startle potentiation to BN-related contamination picture (e.g., sinks, toilets).
Additionally, the present study found evidence of increased specific and non-specific aversive responding in those with co-occurring BN symptoms and contamination concerns. Although preliminary, these results provide evidence for common and unique mechanisms that may lead to BN, OCD, and their co-occurrence. 
Bulimia Symptoms Moderates the Effect of Contamination Fears on Startle Potentiation during Presentation of Contamination Pictures (Top) and General Threat Pictures (Bottom)
Note. Startle data were square root transformed.
* p < .05. 
